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Artificial latex is of considerable interest to different sectors of industry, as the technology for its production makes it possible to obtain aqueous suspensions from non-emulsion polymers. Latex with a negative charge on the surface of its particles, which has been widely used in the production of rubber foam, dipped articles, sealants, and so on [1] , is mainly produced. Artificial latex with positively charged particles has been studied less, but one of the key areas of its application is to modify bitumen binders.
The main problem in the production of artificial latex with positively charged particles is the choice of emulsifiers capable of forming, on the surface of drops of the emulsion and on the surface of the final polymer particles, a strong adsorption layer preventing their coagulation [2] . In this context, cationic surfactants of different nature were investigated, their concentrations necessary for producing stable polymer suspensions with optimum particle diameters were studied, and their effect in a mixture with cetyl alcohol was examined.
The initial feedstock was a non-gel-containing styrene butadiene thermoplastic elastomer DST-30-01 (content of polystyrene blocks 30 wt%) produced by NIISK, which is a product of the solution block copolymerisation of styrene and butadiene in the presence of an organolithium initiator.
Chemically pure cyclohexane was used as the solvent without additional purification.
The surfactants used were cationic: catamin AB (alkyl dimethyl benzyl ammonium chloride, where the alkyl is a mixture of normal alkyl radicals C 10 -C 18 or C 12 -C 14 ), Azol-129 (alkyl dimethyl benzyl ammonium chloride, where the alkyl is a hydrocarbon radical of fatty acids of coconut oil (C 8 -C 18 )). The non-colloidal surfactant cetyl alcohol was also used.
To achieve a pH of the aqueous solution of surfactant of 3-4, use was made of a 1 M hydrochloric acid solution. To disperse the coarse emulsion of polymer solution in the aqueous solution of surfactant, use was made of a Heidolph DIAX 900 rotor-stator homogeniser, and also a Vibra-Cell VCX 750 ultrasonic disperser [3] .
The ζ-potential and the particle diameter of the emulsions and artificial latex were determined by dynamic light scattering on a MalvernZetasizerNanoZS instrument.
To produce artificial latex with positively charged particles, use is most often made of salts of fatty amines and quaternary ammonium salts (alkyl dimethyl benzyl ammonium chloride, trimethyl carboxymethyl acetyl ammonium chloride, cetyl trimethyl ammonium bromide, etc.), and pyridinium bases (tetradecyl pyridinium bromide, cetyl pyridinium chloride, lauryl pyridinium chloride, etc.) [4] . According to published data, these ionogenic surfactants ensure the production of latex with a comparatively small size of polymer microspheres and good resistance to mechanical effects and thinning by water, owing to the formation of an electrostatic factor of stabilisation on the surface of the particles.
Given that quaternary amines are effective catalysts of heterogeneous processes (interphase catalysis), complexing agents, and static eliminators, and also possess a whole number of valuable properties ensuring numerous possible applications [5] , as the surfactants for the production of artificial latex, catamin AB and Azol-129, which belong to this class of cationic emulsifiers, were selected.
From literature data it is known that the optimum pH for latex with positively charged particles lies in the 2-4 range [6] . This is due to technological features of the application of the given polymer dispersions in bitumen emulsions.
Earlier [7] we showed that, when catamin AB is used in a concentration of 6 wt% of the polymer, it is possible to produce artificial latex with a small particle diameter (≈300 nm), low polydispersity, and good aggregative and sedimentation stability. But when Azol-129 is used as the surfactant, other conditions being equal, the latex produced is characterised by the same properties but is noted for a slightly larger particle diameter (≈800 nm).
To determine the minimum surfactant content necessary for producing artificial latex with aggregative and sedimentation stability, the influence of the concentration of the selected surfactants on the particle size and particle size distribution (PSD) of the latex was studied. Figure 1 shows the influence of the concentration of catamin AB on the properties of the obtained latex with an aqueous solution of pH = 3.
As can be seen from the data given in Figure 1 , with a catamin AB concentration of 3 wt% of the polymer, two fractions of particles with sizes of 100 and 240 nm are present in the latex. However, in the process of distilling off of the solvent, a considerable quantity of coagulum was formed (Table 1) , which seems to comprise a fraction of particles of coarser size that have aggregated because of an insufficient amount of stabilising substance.
With a surfactant concentration of 4 wt%, no coagulum is formed during distilling off, and a fraction of coarser particles with a size of the order of 1700 nm is present in the latex. Similarly to latex with a lower surfactant concentration (3 wt%), two fractions of finer particles of roughly the same size are present in the latex.
With further increase in the amount of catamin AB, the fraction of coarse particles disappears, but in this case there is an increase in the size of the remaining two fractions of finer particles: for a concentration of 5 wt%, the diameters of the fractions amount to 190 and 850 nm, and for a concentration of 6 wt% they amount to 220 and 730 nm. Thus, the polydispersity of the specimen decreases, with retention of bimodality.
The dependence of the colloid-chemical properties of the polymer suspension on the catamin AB concentration is shown in Table 1 . It can be seen that the average particle size decreases gradually with increase in the surfactant concentration, starting with 809 nm for 3 wt% catamin AB and ending with 273 nm for 6 wt%.
In turn, there is an increase in the ζ-potential with increase in the catamin AB concentration, which indicates an increase in the aggregative stability of the latex.
Further increase in the amount of emulsifier leads to excessive foaming at the stage of solvent removal, which is unsatisfactory from the technological point of view.
The influence of the Azol-129 concentration on the size and the PSD of the latex was studied in a similar way.
All the latex was produced under identical conditions and with a pH of the aqueous surfactant solutions of ~3.
As can be seen from Figure 2 , with an Azol-129 concentration of 1 wt%, two fractions of particles with a size of 250 and 2500 nm are observed, and here a large part of the polymer goes into coagulum (see Table 2 ).
Starting with a surfactant concentration of 3 wt%, three fractions appear in the latex, two of which have a small diameter of about 200 and 700 nm, while the third comprises coarse particles with a size of the order of 3.5 µm. Starting with this concentration, the coagulum reaches a constant value and amounts to roughly 5% of the total mass of the polymer.
With further increase in the amount of Azol-129 to 6 wt%, the fraction of coarse particles disappears, and a bimodal distribution remains, with diameters of the polymer microspheres of the order of 350 and 1500 nm.
From the results presented in Table 2 it can be seen that the average particle diameter also decreases with increase in the Azol-129 content and at a concentration of 6 wt% reaches 751 nm, and the ζ-potential increases to 40.6 mV.
From the results obtained it can be concluded that catamin AB can be used as an emulsifier in the production of latex with positively charged particles. With a catamin AB content of 6 wt% of the polymer, it is possible to produce latex characterised by high stability. When Azol-129 is used, the polymer suspensions are less stable and have a particle size several times greater than when the same quantities of catamin AB are used, which prevents it from being used as the surfactant in the production of artificial latex.
Therefore, a study was made of the effect of Azol-129 in combination with cetyl alcohol (CA) capable of forming a structural-mechanical factor of stabilisation in the interphase adsorption layer.
Above all, it was necessary to determine the quantitative ratio in which the CA must be added to the Azol-129 solution. For this, three mass ratios of Azol-129 to CA were chosen: 1:1, 1:2, and 2:1.
Latex was produced with a surfactant mixture concentration of <10 wt%. As earlier, for all specimens, a coarse emulsion was obtained by intermittent shaking, and a fine emulsion by combining ultrasonic treatment and rotor-stator homogenisation.
The results obtained are given in Figure 3 .
As can be seen from the data presented in Figure 3 , with all selected ratios of Azol-129 and CA, a bimodal nature of the PSD is observed, and here the size of the fraction of fine particles lies in the 250 nm range, and that of the coarse fraction in the 1 µm range. The exception is an Azol-129:CA ratio of 1:2, where an insignificant fraction of particles with a diameter of about 2 µm is present. However, analysis of the data presented in Table 3 shows that only with an Azol-129:CA ratio of 2:1 is it possible to produce stable latex with a small diameter of the particles.
With this ratio of emulsifiers only traces of coagulum are observed at the stage of distilling off of the solvent, in contrast to the remaining surfactant ratios, where a large part of the polymer goes into coagulum. With an Azol-129:CA ratio of 2:1, the particles have a small average diameter of the order of 570 nm, and the ζ-potential has a value of the order of +42 mV, which suggests optimum stability of the latex. Thus, an Azol-120:CA ratio of 2:1 makes it possible to produce TPE-based artificial latex with positively charged particles with good stability.
As a result of the investigations conducted, the influence of the nature of the cationic surfactants has been shown, and for the production of stable latex of styrene butadiene thermoplastic elastomer DST-30-01, the use of catamin AB as the surfactant in a concentration of 6 wt% of the polymer is recommended, and also the use of Azol-129 in a mixture with cetyl alcohol in a ratio of 2:1, with a total surfactant concentration of less than 10 wt% of the polymer.
